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ABSTRACT

Time-sharing computer-assisted instructional (CAI)
programs employing the APL language are being used in support of
introductory earth science laboratory exercises at the State
University of New York at Binghamton. Three examples are sufficient
to illustrate the variety of applications to which these programs are
put. The BRACH program is used in paleontology to demonstrate the
natural variations in morphology of a fossil species; SEIS provides
an anclysis of time-travel relations of seismic waves; and ROTS
offers a general purpose rotation program which is helpful in the
study of continental drift and paleomagnetism. A time-sharing CAI
systemr is recommended bzcause it allows introductory students to
explore exciting fields morz thoroughly than otherwise possible and
provides the teacher with instructional flexibility. APl is useful
because it requires little computer sophistication on the part of the
student, offers an accurate program, quickly perforas complicated and
time-consuming computational operations for the student, and improves
his accuracy and his confidence in his ability to learm. (PB)
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Introcuction

Time-sharing computer support for laboratorv exercises
in introductory earth science courses makes avaiiai-.e to

the instructor a much wider rance of assignments than is

e - otherwise possible, and'therefore alloME greater fléxibility

in designlac the laboratory program“~ As a result, the 

-student obtains a deeper e: oosure to geologlcal principies
and;processes.i The net.erfect adds to the interestfof_both -
.rnstluctor ano’studen | rhe puloobe of thls repor- is'to‘-‘

descrloo our use of the tlme enarlnc computer in suoport oI

1ntroductorﬁ,_‘-

Y BN B ..A‘l“\—..,

'arth—scaonco laboratorv oxcrc1soo.- Woe first

' discus bomc of the guldcllnc wee aooptcd 1n dcslgnlng our

:éomputer_ rograms,‘and secondlv we descrlbe some e\am'les

P
N

;OI oroolams relatln tO varﬂous oranchco Of eartu SClGﬂCE*

”TWe havn found that Lhe use oii the time—sharlng language \Dr

WWill'handle-oorrespondencef




nas allowed us o follow our GUidel_onoe vwo ons complocu
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student user and avoLillng

the time-delay Irustrations of the sunch-card compuic:r

Philosovnhical guidelines governing wse and docign

- computer supporc.

,/!
Oﬁr principal gu1oellne in in thratlng tnt connuter
o into.the laboratory exerciées is that thefmaximum amount
of'the studénts’' time- should be devoted LO lea*nlng about ‘ '
geolog1Cal pr1ﬁc1oles, not about the pr1nc1oles of |
computers and comp ter lanéuages u51ng the comnuter
qshould be made ‘as. 51mple as: p0551ble -Eurthermore,'we
‘Lresolved that tne computer shoulo’oe:ﬁeedvonly where 1t
’fWOUld allow sto 4nts to. explore.toolos 1nvgreater d ‘l‘
l7chan-othe:Wlse.p0551ble, or to explort old flelds in- a'
‘5$1;bettef’way; or to ehplore complete v ‘ew.fields; L |
Follow1ng ou: llrst Uu1dellne,‘we attempt to kc P_

le

?Zlnstructlons for the use of the computer few and Slmple

If¢¥_fxﬁ'ror example, we ao not teacn a. prlmel course 1n APL, outfl_

A untoxt provided by exic [i8
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Simlla;ly, the design of the computcr mrogran must
o as foolfproof as possible, to avoid ecrror mesuages . which
might confuse the uninitiated Stucent uscr. Attentlion iu
drawn LO a nlddtnldanger in designing simple programs. Tho. -
“danger is that the progrmm will do oo mucn, leaving the
student with little to 1ntcrpret, or with llttl to tlinﬁ'
‘about in a geologlcal sense. Ideally,fWe believe‘a_program
‘should perform only those operations, par:icularly mechanical,
repetitive, or uninstructive calculations, wnlcn the student
would find unnecessarily complicated and/orftime—consuming.
In addltlon to saving tlme for the student, a further
alm of our computer usage is. to iprove the
accuracy and thereby 1nsp1re-the confldence of the student
cin his—oﬁn results.l ThlS should serve to_rocus the student's
'rattentlon on the geologlc 1nterpretatlon or hlS results.‘j”
nTWhat -can ; be more. exasperatlng to a studentlthanuio Speno a L EE
~great deal of tlme and effort obtalnlng avresult by hand L
’jnonly to flnd an unreasonable result;because of somc 51mple‘vﬁﬁ

o

7ar1thmct1cal crror° Compound thls frustratlon w1th morc
L ; 5
vp@*tlme spent looklng for Lhe crror, and ptrhaps noL rlndlng 1L

jand 1t lS easy to understand how the studtnt s 1ntercst mav‘[f

‘éwaver from the subject matter at hand,_ Ploper use of

'tffcomputer support should allev1ate some OL thse dlfflcultlts,

maklng the subject matter more palatable, and evcn 1nv1tJn5..

t1W1th tnese thoughts 1n mlnd let s look at some"

JAruitoxt provided by exic [l



3 thC‘uatural varlatlons 1n morphology of a foss;l spcc10s

“incorporated 1nto lntroouctory earth- sC1tnct lauOTuLO

LACVCISQS Thesec programs have been used as accessori 1es
in a -variety of introductory courses in the past few vears

‘at':he‘State.University»of New York at Binghamton. They

have been used by faculty both with and without training

\1

L. ’ i . |
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Examples of computer usage in introductorymearth~sciencc T
rxcﬂgeological.applications of APL are_numorous and
varied at- all lcvc;g, in gcophysics, gcochcmistry,'petfology,f

structural'geology, ahd SO on. Presented here are threct
examples relatlng to dlfferent branches of geology at an
‘elementary level in paleontology, selsmology, and contin-
: ental drlft and- paleomagnetlsm. Some of these programs were’
des1gned dlrectly for use. ln the 1ntroductorv course.
'Z_Oth rs have evolved 1nd1rectly from purely research appllca—”
‘,tlons belng flrst adapted for GSe in advanced courses, andf:h
'*c:flnally s1mp11f1ed ror use 1n the 1ntroductory course .

BRACH Tnls 51mple stat1st1cal program ls des;gned to;

fbe used 1n a paleontologlcal exerc;se whlch demonstratesv*'f"

T,nglc naﬂc derlves from brachlogoda, a: phylum of bllaterally

‘Vj]symmetrlcal clam-llke organlsms whlch reached 1ts evolutlon—i;




JLu 1‘Lo counL corrugatlons or rlus,'to meas.re dimensions
(lﬁfgth breadth, width), and otherwise to ¢italn nancrical
data which can be used to characterize fossili spocimcns. Dy
calling BRACH, they‘can obtain the statistical paramcters
such as mean and'standard‘deviatfon.for their observations
) cuickly and precisely, with a minimum of additionalweffort.
They can be given realistic oroblems, such as comparing an -
unknown specimen with a group'of known specimens and deter-
_mining‘on*a statistical basis whether or not the unknown
should be classified with the known speoimens. Such an e
emerc1se draws the student's ‘attention to the physical orna-
mentatlon and other morphologlcal varlatlons of fossils and
‘encourages the measurement of as many parameters as can be
observed'” Through the use of BRACH, the 1nvestment of tlme'
”*hof tne student is. shlfted away rrom laborlous statlstlcal
omputatlons towards makrng observatlons; measurlng parameters,;:.’
;;fand maklng dec1s1ons in class1f1catlon based ‘on statlstlcal
S IR r
| d"lnformatlon that the student feels he can trust
| SEIS ) Varlatlons of thlS program are used ‘to analyze the
ﬁﬂtravel tlme relatlons of SElsmlC waves,_espe01ally of compress~'¢

g,ifflonal wavesff'Some of the dlfflcultles 1n des1gn1ng SelsmOlOglC

N

95vexerc1ses for 1ntroductory students 1rhrelated to the calcula--7

hh::tlon of the tlavel—tlme relatlons.T Three equatlons must be

“{solved tofobtaln travel-tlme relatlons for alrect,;reflected

S ;—.W - D;éf'f' “iécbdn'al d—._G“.;E_'.{.f' Machon'a_‘ld R

Provided



and refracted rays of compressional body waves. ‘I'he
important travel-time relations'arefas followe; for a
simple two-layer casce where
- the interiace is parallel to the upper suriace,
ie. thickacus d of upper 1aycr>is constantl,
- velocity V1 of upper layer is less than chocity
v2 of lower layer,
- X 1is distance’along uppei surface from eource

(explosion or earthquake focus) to seismometer,

-t is elapsed time,

for the direct ray: t = %1 (1)

' - ' .2 1/2

for the relected ray: t = X . % 1% (2)
- | . | V1

for the refracted ray: £ = %7 + 2dcosbc (3)

Vi

8

c is the critical angle for refraction and is obtained

“rom the relationship -

) 1 S )
sinfg = §§ ] , .

: curve (l) is a straight line threugh the origin; it
is asymﬂtotlc to the hyperbola ( ) and is cut by the
stralght llne (3) whlch is tangentlal to the hyperbola.
In a phy51cal sense, the p01nt of tangency of (2) and (3)
can be 1nterpreted as the dlstance at whlch the flrst

refracted ray arrlves at the selsmometer, ‘and the p01nt of

‘W.D._MacDOnald-G.E. MacDonald




intersection of the two straight lines (1) and (3) is the
distance at which the difect and refracted rays arrive
simu;tancously ;£ the seismométer; |

SEIS can be paired off with different laboratory
exercises in a variety of ways. For example, the studecntc
can be asked to plan the spacing of‘seismometers for a'
seismic survey to determine the thickness of a given rock
formation. ~This might be .compared with the spacing and
arrangement of seismométers necessary for a seismic
refraction determination of the thickhéssﬁmf‘the continental -
- crust of thé Earth.*“Alternat?vely, the.gffects of contrast'
of seismic velocity betwéen ﬁ&d layers c;n easily be
investigated. The use of SEIS allows th?'student to‘acquire
an intuitive feel for some of the variabies of seismic
exploration.

Where a portable seismic 'thumper' apparatus is available,
SEIS cén»bé used tb test the correctness of experimental
velocity and thickness determinations by the students. A
simple APL_plot.routihe may then be Gesirable, for thé purpose
of giving a direct,compafison of the travei—time curves of
the ¢xpcrimcnt3ahd‘of the interpretative ‘model'.‘yihis‘allows‘
 the stﬁdent to test, and if neceSsaryuto modify his ‘interpretation.

| ROTS is a general‘purpose rotation prOgramJQﬁich can be
'usedvinjmahy'geologicalvéppliéationsrinvolving rotat?ons.'
'GéoiégiStsffrequently éié requi;ed-ta rotaté lines, planes,’

W.D. MacDohald*G.E.,MacDohald','
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or surfacces in space. In more advanced coursces like

mineralogy, structural geology, sedimentoloqgy, and others,

thesc rotations commonly have been done by using a math-

ematical projection of a spherical grid, such as a
stereographic or similar projection. Howéver, the flme
reguired to teach the principles'of stereographic projcctioé
is too great for an elementary survey course in geology.
Tne use of a.computer program such as ROTS is therefore
thought to be ideal, in that it allows students to perform
cbmplicated cotafional maneuvers in—the—simplest-possible
way.. | |
One of our favorite examplés of the use of ROTS is
in continental drift analysis. Students are shown how té
'digitize' the longitudes and latitudes of points on the
coast—-1lines offSouth America and Africa. They aie given
the position and angle of rotation of the 'best-fit' pole
of ;Otation between South America and Africa (Bullard,
Everett, and Smith, 1965) and are asked to rotate the
éontinents back together again, using ROTS. When they carry
out the required rotations, they find that in general their
coastlines fit fairly well, but not exactly. In their
explanation of the discrepancy'between the expected and the
pbtained fit, they are asked to comment on the,usefﬁihess

of coastlines for fitting continents back together again,

W.D. MacDonald-G.E. MacDonald
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and drc made aware of thoe possibility of fitting difierent
bathymetric contours other than the zero {'sca-level';
contour. This uxercise draws attention to the thiré cor
thickness dimension of continents and to processes such as
scdimentation and vulcanism which modify the shapes cf

the continents.

It is convenient, and in fact guite appropriate, to
rclate this exercise in continental drift tou one in paleo-
magnetism (Figure 1). Students are given a former (Triassic)
pole for each of the continents, South America and Africa,
and are asked to rotate those poles in the same way tnat
the continents were rotated. Of course, if the two continents
in Triassic time (about 200 million years ago) were then
connected, they would have had the same paleomagnetic pole.
The students are.given actual polés, and are asked to comment
on the source of the small discrepancy, about 50, whicn
persists afﬁer rotation. This exercise focuses attention
on short-term polar wandering (secular variation) aaé the
inaccuracies'inherent in experimentally measuring paleo-
magnetism in rocks. It is believed that this approach,
using ROTS to simplify the complicated calculations, leaves
the students a maximum amount‘if time to think about some
of the most important fundamentals of céntinental drift and
paleomagnetism.

Incidentally, valuable to the student's experience for

visualizing in three dimensions is plotting the data by hand

W.D. MacDonald-G.E. MacDonald
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berore and after rotation, using an orthographic projection
nct. This produces a map of the Earth, on which only the
continents Africa and South America appear. This also
provides an opportunity for measuring the grecat circle
distance betwecen the paleomagnetic Qoles before and after
rotation, by using the great circlies of the orthographic
proﬁection.' This serves to introduce the student to the
concépt of making angulér measurements on spherical pro-
jection nets, paving the way for a more comprchensive
training in later courses. Of course, the orthographic net
is not‘the best net for making such measurements, but by
chossing the central meridian judiciously (say, at 30W in
the present example), these great-circle angles can be

reasured accurately enough.

Conclusions

The use of a time-sharing computer system, such as APL,
allows students of introdﬁctory earth science to explore
some exciting fields more thoroughly than is otherwise
posuible. At the same time, the instructor has more flex-
ibility in the design of the course. As a result, the
student oktains a deeper insight into the variables related
to the Earth and its history, and the introductory earth

science course is made more interesting for both student

- .
e ——

and instructor,

W.D. MacDonald-G.E. Macbonald
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SO Me s #UUSILYS HAVE BEEN MEASURED?

EJH HA}/ VAHANEDHRS DO YOU WISH TO EHTER FOR EACH FUSSIL?

;i, G, e e JH 000 HEFER DO LHNGTHU, WIDTHS, NUMBER OF ¢OILS, ETC
s SR LGRS FOR DG
_ v 32 3u 34 31 28 30 31 27

AR SALURS FUR P2
! 3.4 35.2 37.1 36.6 37.6 34.3 38.7 37.6 36.1

Sl UL LURG FOROP3
oy ‘.z 17.7 16.3 17.2 17.9 16.8 16.1 17,3 17.4 16.5
FHry UALUES FOR PG ,
it .2 0.0 4.5 6.2 6.3 5.2 4.9 6.2 5.0 5.8
BUNEROVALUES FOR OPS :
. L.2 7.0 6.0 6.3 7.2 6.5 6.1 7.1 6.4 6.k
LUTER VALUES FOR Po
iz 54 56 5 4.305 54
MEAN STD. DEV.

a1 30.500 2.953

P2 37.050 . 1,499

23 17.060 0.659

2 5.660' 0,570

73 .550 0.414

25 u 700 0.949 .

30 10U FANT TO CALCULATE ANY RATIOS? YES TYPE Y, OR NO TYPE U.
V _

TYPE THEET PARAMETER NUMBER YOU WANT IN THE NUMERATOR (TOP),
0: 2 :

- TYPE TEZ PARAIETER NUMBER YOU WANT IN THE DENOMINATOR(BOTTO:!).
G 3. ’ : '
THE RATIOS FOR P2 & P3 ARF .

FCE51 ' 2.55452
FC3352 2. 139u9
PCSS3 2.15951
FOESs 2.15698
FOESS 2.16760
FCS556 2.23810
FC557 2.13043
FGS58 - 12.16201
FOS559 . 2.16082" .
F0SS510 . 2.18788
DO YOU WANT TO DO ANOTHER*RATIO?—YES—EYPE~I OP NO TYPE N.
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RNTRl LUSGGITUDEY, DRCLINATIONS

T4, 5 0 30 140 .
aurmiy LAVTVUDES, INCLINATIONS
L :

w6 310 G 5C
A
b

pomgy RUTATION DATA: LAT, Lol, ANGLE

T30 40 50 ,
FATPIAL POSIVION ROTATED POSITIGN
o Lox LAT LO&N
4 55 73.6651157898 67.%01033B665
pl 0 24.8322501149 4LS.8391415907

0
S 30 "L .7599344565 59.9247383266
0 140 68.3381009725 83.9074656381
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TR POLE S.A. TR POLE AFRICA

FiG.1. DIGITIZED COASTLINE OF AFRICA ROTATED
INTO BEST-FIT POSITION AGAINST. SOUTH .
‘AMERICA, BY ROTATION -57.6° ABOUT ROTATION
POLE 42.5N, 29.9W, USING APL PROGRAM
ROTS. TRIASSIC PALEOMAGNETIC POLE OF AFRICA
WHEN SIMILARLY ROTATED MOVES CLOSE TO
TRIASSIC POLE OF SOUTH AMERICA.
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